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EXECUTIVE SUMMARY 



U.S. students have consistently lagged behind their peers in other nations on international science 
assessments - a performance increasingly at odds with the challenge of being able to live and compete 
in a global environment, powered by innovations in science, engineering and technology. A strong 
foundation in science is clearly critical if today's students are to have the option of pursuing careers in 
STEM-related fields where employment opportunities are expanding. But the ability to compete in a 
world economy is not the only issue. More than ever, participating as an informed citizen in a 
democracy, and making personal decisions, requires the ability to digest current events and make 
judgments based upon scientific evidence. National efforts in science education are focusing on two key 
issues: scientific literacy for all students and STEM preparedness to increase the STEM pipeline. From a 
standards and learning progression perspective, these issues exist on a continuum and are not mutually 
exclusive. A sound foundation to scientific literacy allows students to pursue Upper Secondary and post- 
secondary options based on their interests and occupational goals. 

In response to concerns over the need for a scientifically literate workforce, increasing the STEM 
pipeline, and aging science standards documents, the scientific and science education communities are 
embarking on the development of a new conceptual framework for science, led by the National 
Research Council (NRC), and aligned next generation science standards, led by Achieve. The American 
Association for the Advancement of Science (AAAS) and the National Science Teachers Association 
(NSTA) are also key partners in this effort. 

Leaders have called for U.S. standards to be internationally benchmarked - reflective of the 
expectations that other leading nations have set for their students. To that end, Achieve examined 10 
sets of international standards with the intent of informing the development of both the conceptual 
framework and new U.S. science standards. Achieve selected countries based on their strong 
performance on international assessments and/or their economic, political, or cultural importance to 
the United States. 

All of the countries selected require their students to learn science from Primary through Lower 
Secondary, which ends at either grade 9 (three countries) or grade 10 (seven countries). In Upper 
Secondary, countries expect students to pursue further science study by taking courses in biology, 
chemistry, physics and/or (where available) Earth and space science. The way in which countries 
structure their standards prompted researchers to think about findings from three perspectives that 
framed the analysis: 

1. Science Through Lower Secondary School: What knowledge and skills do countries expect all 

STUDENTS TO LEARN IN PRIMARY THROUGH LOWER SECONDARY GRADES PRIOR TO TAKING DISCIPLINE-SPECIFIC 
HIGH SCHOOL COURSES IN SCIENCE? 

2. Upper Secondary Science: What knowledge and skills do countries expect students to learn in 

UPPER SECONDARY COURSES IN BIOLOGY, CHEMISTRY, PHYSICS, AND EARTH AND SPACE SCIENCE THAT PREPARE 
THEM FOR POSTSECONDARY STUDY IN SCIENCE, ENGINEERING AND TECHNOLOGY? 

3. Exemplars: What are exemplary features of the standards reviewed in this study that should be 

CONSIDERED BY DEVELOPERS OF NEXT-GENERATION SCIENCE STANDARDS IN THE UNITED STATES? WHAT ARE 
COMMON SHORTCOMINGS - AND HOW MIGHT THEY BE OVERCOME? 

Achieve's study was limited by design to standards. It did not take into account the broader country 
context, i.e., how the education system functions as a whole and differences in economic, social, and 
cultural norms. Where one country may have several standards dedicated to a topic or concept, the 
actual instructional time may be less than the expectation of another country that had few standards, 
but required more dedicated instructional time. Other limitations were a dearth of information on 
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student course-taking patterns and pathways that limited Achieve's ability to have an "all students" 
versus a "stem-capable" view, and the availability of adequate English translations. In addition, the 
overall coherence of the education system (e.g., teacher education and development, assessments, 
instructional tools, and supplementary curriculum materials) was not taken into account which creates 
an incomplete picture. These are all areas for future study. 

Achieve's analysis has both a quantitative and qualitative component. The quantitative analysis 
identifies the specific content and performance expectations the ten high-performing countries have 
established for each science discipline for Primary through Lower Secondary and for Upper Secondary 
(subject-specific courses). The qualitative examination complements the quantitative analysis by 
identifying noteworthy practices and weaknesses among the countries' standards. The table below 
shows the countries selected for the study and how their standards were analyzed. 







In-Depth Qualitative Review 
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Major Findings of the International Benchmarking Study 

The overall goal of Achieve's study on international standards is to inform the development of the NRC 
framework and next-generation science standards. Through a quantitative analysis of international 
standards, Achieve's reviewers discovered four key findings. 

Finding #1 - All countries require participation in integrated science instruction through Lower Secondary 
and seven of 10 countries continue that instruction through Grade 10, providing a strong foundation in 
scientific literacy. 

Finding # 2 -Physical science content standards (physics and chemistry content taken together) receive 
far more attention in lower primary through lower secondary. Other countries dedicate the greatest 
proportion of their standards to biology and physics content and the least to Earth and space science. 

Finding # 3 - Other countries' standards focus life science instruction strongly on human biology, and 
relationships among living things in a way that highlights the personal and social significance of life 
science for students and citizens. However, in the U.S., virtually all states also have a requirement for 
health and physical education from lower primary to lower secondary which could explain the difference 
in focus. 
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Finding #4 - Cross-cutting content common to all of the sciences such as the nature of science, nature of 
technology and engineering receives considerable attention. Inquiry skills in Primary are stressed more 
than in Lower Secondary. However, advanced inquiry skills receive increasing attention in Lower 
Secondary. 



Exemplary Features 

Achieve charged its reviewers to qualitatively review five countries' standards documents to determine 
exemplary features. Achieve's reviewers submitted six exemplary features for the Conceptual 
Framework for Science Education committee to consider. 

Feature #1 - Standards based around "unifying ideas" for Primary through Lower Secondary seem to 
confer more benefits than a discipline-based structure. Achieve's reviewers found that developing 
standards around unifying ideas provided greater coherence and focus within the standards. In 
addition, this structure provides a more focused perspective in development by providing a method to 
determine what content should be included. 

Feature #. 2 - Providing multiple examples of performance into content and performance standards 
makes expectations for student performances specific and transparent. Achieve's reviewers found 
Canada's use of multiple examples within their standards an excellent method to communicate the level 
of rigor expected from students. Multiple examples help learners connect concepts with applications in 
the real world, help them to explain everyday phenomena, and enhance the clarity and accessibility of 
standards. Incorporating multiple examples (rather than relying on a single example) is important 
because multiple examples show a range of applications, rather than a single point that can quickly 
become a limiting factor. 

Feature #3 - Making meaningful connections to assessment helps to focus attention on the ultimate goal 
of raising student achievement. Achieve found three countries, Canada, England, and Hong Kong, make 
a special effort to show how their standards and assessments are aligned. While the approaches vary 
considerably, all three countries make solid links between the content they expect students to learn and 
how that learning will be evaluated. States, districts, and teachers would benefit greatly from 
understanding the connections and performance expectations required by the statewide assessment. 

Feature #4 - Organization and format has an enormous effect on the clarity and accessibility of a 
country's standards. Achieve found Canada, Singapore, and Hong Kong have user-friendly standards, and 
their approaches are similar. England's standards are structured differently but are also accessible. 

Great care was taken on the part of these countries to ensure they were clear and communicated the 
level of rigor and intent of the standards. 

Feature #5 - Developing students' ability to use inguiry, engineering design, and modeling supports 
student participation in structured projects that nurture scientific habits of mind and stimulates student 
interest. Developing students' capacity to understand, design and apply physical, conceptual, and 
mathematical models is a key ability that should be interwoven in the standards. Achieve found that 
Canada's parallel development of inquiry and design stands out as a quality example. It makes 
fundamental connections between conducting investigations in the natural world and problem solving in 
the designed world. It describes a progression of performances from beginning to proficient in four key 
areas for both inquiry and design: Initiating and Planning; Performing, and Recording; Analyzing and 
Interpreting; Communicating. 

Feature #6 - All student populations should have accessibility to science and guidance should be 
provided to support this philosophy. Achieve's reviewers found countries who had clearly made 
accessibility of science to all populations a priority. For instance, England includes guidelines for 
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teaching science to all students that are an important part of a standards document. Hong Kong also 
includes curriculum adaptations for a diversity of learners including accelerated learners. 



Shortcomings 

Clearly, the five countries' standards have much to recommend them. However, Achieve also found 
weaknesses in several areas as described below. These present opportunities for the developers of the 
NRC framework and new science standards to carve out a fresh vision for science education. 

• Incorporation of Mathematics: The importance of integrating mathematics with science 
standards has long been raised as a central issue by both AAAS and the NRC. Recent research 
has revealed, "High-school mathematics carries significant cross-subject benefit (e.g., students 
who take high-school calculus average better grades in college science than those who stop at 
pre-calculus )." 1 This is an area in which none of the countries has been completely successful. 

• Evidence-based Inguiry: The five countries do not generally call for students to consistently focus 
on evidence. This area is an instance of where an exemplar is found in U.S. standards. The 
recently revised College Board Standards call attention to and consistently incorporate science 
practices that focus on establishing lines of evidence, using the evidence to substantiate claims, 
to develop and refine testable explanations, and to make predictions about natural phenomena . 2 

• Chemistry Foundation for Concepts in Modern Biology: The five countries' Primary and Lower 
Secondary standards in Biology do not appear to provide a sufficient foundation in chemical 
bonding, reactions, and some aspects of organic chemistry for students to comprehend essential 
concepts in modern biology. 

• Interdisciplinary Connections: With the exception of Earth and Space Science, standards at the 
Upper Secondary level generally do not highlight fundamental connections between disciplines 
that would reinforce student understanding of how a concept in one discipline has explanatory 
power in another. 

• Learning Progressions: As noted earlier, no individual country's standards were able to serve as 
an overall exemplar from the Primary through the Upper Secondary levels. A noticeable gap 
between Lower and Upper Secondary standards in terms of the complexity of content and 
performance expectations, including the application of mathematics in a number of countries, 
suggest this is an area that will require close attention as the next-generation U.S. science 
standards are developed. 

Conclusion 

Conditions are right for the United States to take the lead internationally in forging a new conceptual 
framework for science, and next generation science standards. The NRC framework and aligned science 
standards will create a fresh vision for science education and new directions for teaching, learning, and 
assessment that could contribute significantly to improving student understanding and achievement. 
Seizing the opportunity that this moment presents will bring us a step closer to moving the United 
States into the vanguard of international science education reform. 



1 Philip M. Sadler and Robert H. Tai, "TRANSITIONS: The Two High-School Pillars Supporting College Science," Science 27 July 
2007 317: [DOI: 10.1126/science.ll44214], 457. 

2 The College Board, SCIENCE College Board Standards for College Success . (The College Board, 2009). 
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II. INTRODUCTION 



NEXT GENERA TION SCIENCE STANDARDS 

The nation's capacity to innovate for economic growth, and the ability of American workers to thrive in 
the global economy depend on a broad foundation of math and science learning, as do our hopes for 
preserving a vibrant democracy and the promise of social mobility for young people that lie at the heart 
of the American dream. 3 

In that one sentence, the Carnegie Corporation of New York and the Institute for Advanced Study's 
Commission on Mathematics and Science Education summarized the urgency of the challenge that 
confronts the nation, its gravity, and the likely consequences of failing to meet it, as well as the 
opportunity it presents. The Commission's stance is unambiguous: moving forward, the nation's goal 
must be nothing short of ensuring all high school students graduate STEM-capable (that is, having the 
option of choosing science, technology, engineering and mathematics careers), ready for college and 
career. Carnegie subsequently announced its support for the development of a new conceptual 
framework and aligned science standards to replace the National Science Education Standards published 
in 1996. 4 

The process of developing new science standards will proceed in two stages. In the first stage, the 
National Research Council (NRC) will create a conceptual framework for the new standards that will 
identify and articulate the core ideas in science. The NRC framework will consider fundamental ideas in 
the disciplines of science (life sciences 5 , physical sciences, earth sciences, and technology and 
engineering) along with cross-cutting ideas such as mathematization, causal reasoning, evaluating and 
using evidence, argumentation, and model development. The framework will be open for review and 
public comment before it is completed. 

In the second stage, Achieve will take the lead and develop the standards document, consistent with the 
guidelines from the framework that will establish clear statements of what all students in the United 
States should know and be able to do. The new standards are meant to stimulate the transformation of 
science education in the United States - to be the starting point for next-generation curriculum, 
instructional practices and assessments, and teacher development that must follow if there is to be 
significant improvement in student achievement in science. 

The NRC and Achieve 6 will complete this work in partnership with the American Association for the 
Advancement of Science (AAAS), the National Science Teachers Association (NSTA) and other partners 
representative of the scientific community, education policy and science education. 



3 Carnegie Corporation of New York and Institute for Advanced Study, The Opportunity Equation: Transforming Mathematics 
and Science Education for Citizenship and the Global Economy (Executive Summary, 2009), vii. 
< http://www.opportunitveauation.org/report/executive-summarv/ > 

4 National Research Council (1996), National Science Education Standards (Washington, DC: National Academy Press) 

5 Throughout this report, the term "Biology" is frequently substituted for "Life Science," which is the common label used in 
most Primary and Lower Secondary grades. In the countries in this study, as well as in the United States, Biology is the common 
term for Upper Secondary or high school courses in this discipline. 

6 International benchmarking is an area of growing interest to Achieve. In 2008, Achieve developed, in conjunction with the 
National Governors Association and the Council of Chief State School Officers, the report Benchmarking for Success. And, in 
2009, Achieve completed an examination of mathematics and science standards on behalf of the Asia-Pacific Economic 
Cooperation (APEC) and the U.S. Department of Education for 12 of APEC's 21 member economies. Achieve is currently working 
on the revision of the 2012 PISA framework for the next assessment in mathematics. 
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WHY INTERNATIONAL BENCHMARKING 



Without question, recent changes in the global economy have had a profound impact on virtually every 
facet of American life. The United States has little choice but to confront the shifting landscape and 
determine how to make the new environment work for Americans individually and the nation as a 
whole. Creating a new set of national science education standards is an important step in that direction. 
This study is designed to inform that effort by providing an analysis of the science standards in ten 
countries whose students perform well on international measures and/or countries of interest, for 
example, those that have drawn attention for their success in improving their educational systems. 

These are key benchmarks for the United States to draw upon as it works to strengthen the quality and 
rigor of its science standards and enhance its competitive advantage. 7 

The results of international tests indicate that students in the United States lag behind those in many 
other countries in developing science knowledge and scientific literacy. 8 Thus, it is crucial to examine the 
expectations other nations set for their students and how other nations educate their populations. 

Doing so will allow U.S. educators to learn from others' strengths in the same manner that U.S. 
corporations have benchmarked most aspects of their businesses for years. The United States has 
everything to gain by taking stock and establishing next-generation science standards that are 
internationally benchmarked as the initial step in re-vitalizing our system of science education. 

In most countries, an officially sanctioned national standards document sets out the expectations for 
student learning and performance in science education at the Primary, Lower Secondary, and Upper 
Secondary school levels. Many other factors influence what students ultimately learn, but standards are 
designed to promote and constrain possibilities, and they reflect national priorities for science education 
that help shape students' opportunities to learn and their experiences in the classroom. Standards 
represent decisions at the national level regarding academic content, performance expectations, and 
curricular goals - all designed to shape and improve teaching and learning. Standards convey these 
critical decisions to students and their parents, as well as to the key stakeholders, including school 
administrators and teachers, teacher educators, curriculum and assessment developers, and the many 
other education specialists who are entrusted to reach national goals. 

There is not one set of science standards in the United States, but 51, a state of affairs that reflects our 
decentralized approach to public education. With each state and the District of Columbia developing its 
own educational standards, the result is a patchwork of different science education priorities that vary 
across the states and have made it difficult for educators and vendors to develop and disseminate 
coherent instructional materials and assessment tools. Recent research has examined state-by-state 
differences and brought to light several critical problems that have arisen as a result of this diversity. 9 
(Canada also has a de-centralized system, where education is the responsibility of each province. 

Achieve selected the standards of Ontario to include in this review as a representative and particularly 
well-executed example of Canada's standards.) Renewed interest in common state standards makes it 
all the more important to examine the strengths of science education standards of other countries at 
this critical point in time. 



7 International benchmarking does not mean that the United States should simply emulate other countries' standards. In recent 
years, the United States has made significant strides in advancing the research base that underpins science education and also 
has its own exemplars. It is also the case that there are shortcomings in all of the standards Achieve examined that are equally 
instructive for improving standards. 

8 National Science Board, Science and Engineering Indicators 2010 (Arlington, VA: National Science Foundation, 2010). 

9 National Research Council, Assessing the Role of K-12 Academic Standards in States (Washington, DC: National Academy 
Press, 2008), 33. 
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PURPOSE AND STRUCTURE OF THIS REPORT 



Achieve's international benchmarking report Taking the Lead in Science Education: Forging Next- 
Generation Science Standards presents findings from the analysis of science standards in selected 
countries intended to inform the development of science standards in the United States. This study was 
motivated by recognition that we live in a global society, and that our citizenry and workforce must keep 
pace with other nations if we are to continue to thrive in an increasingly interdependent global 
economy. 

This study of science standards in high performing countries and other countries of interest is meant to 
help answer three questions important to addressing the challenge laid out by the Carnegie Corporation 
and to informing the development of the next generation science standards for the United States. 
Achieve's analysis was guided by three key questions: 

1. Science Through Lower Primary School: What knowledge and skills do countries expect all students to 
learn prior to taking discipline-specific high school courses in science? 

Any effort to define the science knowledge and skills required of all students must address a complex 
array of issues related to what students will need to be successful in life and on the job and to 
grapple with personal and social dilemmas that involve science, technology, or engineering. In short, 
what constitutes a foundation that leads to "scientific literacy" for all students? 

By analyzing the knowledge and skills countries expect all students to learn before taking discipline- 
specific high school courses in science, we are able to put a finer point on what science-related 
content and performances countries regard as foundational to scientific literacy. These foundational 
standards serve two functions: they reflect the expectations countries have for all their students and 
they establish a base for postsecondary options and could lead to further study in each of the four 
major fields. (The phras e foundational scientific literacy is not meant to imply that students are 
prepared to meet real-world demands without additional study in discipline specific courses.) 

2. Upper Secondary Science: What knowledge and skills do countries expect students to learn in Upper 
Secondary courses in Biology, Chemistry, Physics, and Earth and Space Science? 

Like the United States, many of the countries included in our study expect students who will graduate 
STEM-capable and who intend to pursue postsecondary education at a college, university, or 
technical institution to take additional discipline-specific courses in science. Thus, the knowledge and 
skills countries emphasize in these courses is of high interest - the choices countries make reflect the 
content they think is most important for students to be successful in postsecondary science 
education. In practice, there are, of course, no hard and fast rules regarding what that content ought 
to be, and there is no clear distinction between the knowledge and skills that signify that students are 
scientifically literate and those that signify students are STEM-capable; the expectations for both 
exist on a continuum. Rather, the distinction reflects choices about the knowledge and skills, when 
they are introduced and how they are integrated into a progression that extends from the beginning 
of science instruction through to the transition into postsecondary courses in the scientific 
disciplines. 

3. Exemplary Features: What are exemplary features of the standards reviewed in this study that should 
be considered by developers of next-generation science standards in the United States? What are 
common shortcomings - and how might they be overcome? 

All countries are struggling with the pace of change in science, technology, and engineering as well as 
the need to keep students' education responsive and current. Shortcomings are inevitable. While 
there is no perfect set of standards, exemplary elements in other countries' standards and in our own 
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